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Abstract 
An associated heterotrophic dominant single bacteria-Z-QS01 was selected to study its mechanism of quorum sensing 
and factors that affected quorum sensing by using ecotoxicological method in co-cultural system with Chlorella 
vulgaris. The results showed that self-regulation and inhibitive effect to Chlorella vulgaris of bacteria-Z-QS01 were 
conducted through excreting chemic substance. Density of bacteria-Z-QS01 and concentration of chemic substance 
excreted by bacteria-Z-QS01 were necessary conditions, which decided whether the regulation mechanism could be 
carried out or not; enhanced UV-B radiation could affect quorum sensing of bacteria-Z-QS01 significantly, and the 
inhibitition effect was enhanced gradually with the dose of UV-B radiation increasing. 
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Quorum Sensing (QS) is an information exchange mechanism of bacteria closely related to bacterial 
concentration. It acts only at a certain threshold of bacterial concentration [1]. Bacteria can 
produce/sense/receive specific signal molecules, sense the information of external environment through 
these signal molecules, exchange information with surrounding environment, change its physiological 
characteristics [2]. Thus, these characteristics do not exist in many single cells, such as commensalism, 
bioluminescence, thallus motility, antibiotic synthesis, plasmid conjugate transfer, animal/plant 
pathogenesis, toxic factor expression, and biomembrane/spore formation [3, 4]. This important mechanism 
for synchronous gene expression and functional coordination of bacterial colony may prevent and treat 
pathogen by interfering QS signal molecule [5, 6]. The synthesis and degradation of QS signal molecule 
can be regulated through modern biotechnological means. This technique can prevent/treat pathogen, and 
will become new method/way to improve disease resistance of plants. At present, in agricultural/medical 
fields, there are many studies on bacterial QS, but little studies on marine organism. 
Global UV-B radiation becomes stronger after the appearance of ozone hole in the Antarctic. Such 
stronger UV-B radiation can strengthen the degradation of organic molecules in water body (such as 
carbon, nitrogen and sulphur), affect the primary productivity in aquatic ecosystem and the growth of 
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floating bacteria, and affect importantly potentially the geochemical circulation of marine organisms. 
Thus, it is significant theoretically practically to study the regulation of signal molecule for bacterial QS 
and control the pathogen, according to the property that UV-B radiation strengthens the degradation of 
organic molecule. 
This article verified the existence/mechanism of QS in marine bacteria through cross culture under 
test ecological conditions, further explored its response to stronger UV-B radiation, provided the 
reference for ecological disease prevention in mariculture industry, and provided the valuable reference 
materials to reveal the mechanism of algae-bacteria interaction. 
1 Material and Methods 
1.1 Microalgae and Culture 
Chlorella vulgaris Beij, provided by Ocean University of China. Precipitate seawater, filter, sterilize 
for 20min at 121.3ć under 1.05kg/cm2 (102.97Kpa), inoculate in f/2 culture solution at (20±0.1)ć, 
illuminate at 60ȝmol/m2·s (12h bright and 12h dark), shake culture bottle several times a day. Do not 
make microalgae sink along wall. 
1.2 Acquisition of Strain 
Z-QS01 strain belonged to Pseudomonas. It was separated, assayed and kept at ultra-low temperature 
by our laboratory [3]. 
1.3 Radiation through UV-B 
Take 8 UV-B tubes, and wrap them with cellulose acetate film to eliminate the radiation of <280nm 
short wave. The whole device was irradiated continuously for 72h before the test to reduce the unstable 
filtration of this film. There was a low-speed rotation at plateau phase (16rpm) vertically below UV-B 
light. Culture dish was at a concentric distance from the at plateau phase, so as to ensure uniform light 
irradiation, simulated seawater wave, prevent microalgae sinking, and guarantee floating state. UV-B light 
was at very weak penetrability. Pour algae solution into culture dish (15cm diameter), put at 20cm below 
UV-B light, open culture dish, irradiate for a certain time, transfer to 100ml triangular flask, and inoculate 
in irradiation incubator. The whole process was made strictly in sterile way. 
1.4 Counting of Chlorella vulgaris and commensal heterotroph 
The cell concentration of Chlorella vulgaris was counted through blood cell counting plate, and the 
number of Z-QS01 strain was counted by plate culture method. Relative growth rate was calculated 
through the method specified by Zhou Wenli [4] 
1.5 Test method 
1.5.1 Effect of Z-QS01 strain on Chlorella vulgaris at different concentrations. 
Take the separated dominant single Z-QS01 strain, prepare into bacterial suspension, and set its 
bacterial concentration by referring to the concentration of Z-QS01 strain separated at decline phase of 
Chlorella vulgaris (i.e. 2.5×106, 5×106, 10×106 and 20×106 cfu/ml). Add bacterial suspension into 
bacteria-free culture solution of Chlorella vulgaris (106 cell/ml), culture for 10d, measure the change of 
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its concentration in culture solution, calculate its relative growth rate, and obtain median inhibiting 
concentration (IC50) of Z-QS01 strain for Chlorella vulgaris. 
Preparation of bacterial suspension Purify bacterial culture for 18h~24h, add 3-5ml sterile seawater 
into slant test tube, shake, wash off lawn, transfer eluate to another sterile test tube, mix for 30s with swirl 
mixer, detect bacterial concentration in bacterial suspension through turbidimetry, and then dilute to 
necessary concentration. 
1.5.2 Effect of Z-QS01 strain on Chlorella vulgaris in different compositions 
Set IC50 of Z-QS01 strain as test concentration, prepare bacterial suspension, filtrate through sterile 
0.2ȝm filter film, form thallus and filtrate, add thallus and filtrate into culture solution of Chlorella 
vulgaris (106 cell/ml), and compare the change in relative growth rate of Chlorella vulgaris under the 
effect of different bacterial compositions after 24h, 48h and 72h respectively. 
1.5.3 Impact of UV-B radiation stress on concentration effect of Z-QS01 strain 
Set IC50 of Z-QS01 strain as test concentration, prepare bacterial suspension, add into culture solution 
of Chlorella vulgaris (0.5×106 cell/ml), make UV-B radiation at different doses, measure the change in 
relative growth rate of Chlorella vulgaris and Z-QS01 strain, and calculate the median inhibiting dose 
(ID50) of UV-B radiation for Z-QS01 strain. Set the dose of UV-B radiation as 0.2, 0.4, 0.8, 1.6 and 
3.2J/m2. 
1.6 Statistic Analysis of Data 
This test set control groups, 3 parallel and 2 repeats. Take mean value as test results, and analyze 
through OriginPro7.0 software. 
2 Results 
2.1 Different Chlorella vulgaris concentration of Z-QS01 strain 
Fig.1 showed the impact on relative growth rate of Chlorella vulgaris after the co-culture of Z-QS01 
strain and Chlorella vulgaris at different concentrations. At 2.5×106 cfu/ml concentration of Z-QS01 
strain, the growth of Chlorella vulgaris was promoted not significantly (p>0.05). At >5×106 cfu/ml 
concentration of Z-QS01 strain, Chlorella vulgaris was inhibited in various degrees, and decreased 
relative growth rate and maximum cell concentration to some extent. As time went on, Chlorella vulgaris 
decreased the concentration more rapidly, and was inhibited in more degree with the increase in 
concentration of Z-QS01 strain. At 5×106 cfu/ml concentration of Z-QS01 strain, Chlorella vulgaris was 
inhibited significantly (p>0.05). At >10×106 cfu/ml concentration of Z-QS01 strain, the relative growth 
rate of Chlorella vulgaris changed significantly (p<0.05). At 20×106 cfu/ml concentration of Z-QS01 
strain, the concentration of Chlorella vulgaris was always at lower level, directly entered decline phase 
due to no significant plateau phase, and increased in negative way after D4. Z-QS01 strain inhibited the 
growth of Chlorella vulgaris only after a certain concentration threshold. 
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Ŷ Control˗Ɣ 2.5×106cfu/ml˗Ÿ 5×106cfu/ml˗ź 10×106cfu/ml˗Ż 20×106cfu/ml 
Fig. 1 Effect of bacteria- Z-QS01 on specific growth rate of C.vulgaris under different initial density conditions 
Fig.1 showed the change in the relative growth rate of Chlorella vulgaris at different concentrations 
of Z-QS01 strain. Through the linear interpolation, the IC50 (96h) of Z-QS01 strain for Chlorella vulgaris 
was obtained as 8.6×106 cfu/ml. 
2.2 Effect of Z-QS01 strain on Chlorella vulgaris in different compositions  
Take 8.6×106 cfu/ml bacterial suspension of Z-QS01 strain, filtrate through 0.22ȝm filter film under 
sterile condition, prepare thallus and filtrate, add into bacteria-free culture solution of Chlorella vulgaris, 
and detect at 24h, 48h and 72h respectively. Make control test with sterile Chlorella vulgaris and 
Chlorella vulgaris + Z-QS01 culture solution. Fig.2 showed the change in relative growth rate of 
Chlorella vulgaris. Compared with that in sterile Chlorella vulgaris, Z-QS01 filtrate inhibited the growth 
of Chlorella vulgaris in a certain degree at 24h, in gradually smaller degree as time went on, and not in 
significant difference at 72h. Thus, Z-QS01 strain secreted chemical substances into culture solution to 
affect the growth of Chlorella vulgaris. However, as time went on, the filtrate gradually weakened in 
inhibiting effect. Therefore, the chemical substances secreted by Z-QS01 strain did not exist in culture 
solution for long time. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 Effects of different fractions of bacteria-Z-QS01 on growth rate of C.vulgaris 
Compared with sterile Chlorella vulgaris, Z-QS01 thallus inhibited the growth of Chlorella vulgaris 
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in different degrees, i.e. not significantly at 24h, gradually effectively as time went on, and significantly at 
48h (p<0.05). Z-QS01 thallus was at similar inhibiting effect to Chlorella vulgaris + Z-QS01 culture 
solution, and not significantly at 72h. In this test, Z-QS01 strain was at same concentration in Z-QS01 
filtrate group, Z-QS01 thallus group, and Chlorella vulgaris + Z-QS01 culture solution group. At 24h, the 
growth of Chlorella vulgaris was inhibited not in Z-QS01 thallus group, but in Chlorella vulgaris + 
Z-QS01 culture solution group. Thus, Z-QS01 strain did not inhibit the growth of Chlorella vulgaris 
through direct contact. Moreover, Z-QS01 strain inhibited only at a certain concentration and through the 
support of specific chemical signal. Only at a certain concentration of specific chemical substances in 
culture solution, Z-QS01 strain responded to produce corresponding physiological and behavioral change. 
2.3 Impact of UV-B radiation stress on concentration effect of Z-QS01 strain 
Fig.3 showed the change in relative growth rate at different doses of UV-B radiation in co-culture of 
Chlorella vulgaris and Z-QS01 strain. UV-B radiation changed the interaction of Chlorella vulgaris and 
Z-QS01 strain. Compared with that in co-culture of Chlorella vulgaris and Z-QS01 strain at no UV-B 
radiation, 0.2~1.6J/m2 UV-B radiation reduced the competition pressure on Chlorella vulgaris to 
favorably compete with Z-QS01, and 3.2J/m2 UV-B radiation reduced the relative growth rate of 
Chlorella vulgaris. Thus, Chlorella vulgaris was selected more by UV-B radiation at high intensity than 
by algae-bacteria competition. 
 
 
 
 
 
 
 
 
 
 
 
Ŷ 0J/m2;Ɣ 0.2J/m2;Ÿ 0.4J/m2;ź 0.8J/m2;Ż 1.6 J/m2 ;Ź 3.2 J/m2 
Fig. 3 Change of growth rate of C.vulgaris and bacteria –Z-QS01 in co-cultural system stressed by varied dose of UV-B radiation 
Compared with that in control group, UV-B radiation at each dose reduced the relative growth rate 
of Z-QS01 strain in various degrees. At UV-B radiation of >0.4J/m2 dose, such reducing effect was 
significant (p<0.05). At UV-B radiation of >1.6J/m2 dose, Z-QS01 strain always decreased in the number, 
the colony growth had no significant logarithmic and static phase, and the colony count did not peak 
significantly. Thus, the growth of Z-QS01 strain was affected by the competition between H1 strain and 
Chlorella vulgaris. The rapid decrease in colony count increased the competition pressure on Z-QS01 
strain to change from favorable position into unfavorable position. 
Through linear interpolation for the change in relative growth rate of Z-QS01 strain (Fig.3b), the 
ID50 (96h) of UV-B radiation was obtained as 0.43J/m2 for co-culture system. 
In co-culture system, UV-B radiation at different doses changed the relative growth rate of Chlorella 
vulgaris and Z-QS01 strain in different degrees. At UV-B radiation of 0.2~1.6J/m2, their competition 
relation changed, and Chlorella vulgaris at lower concentration competed more strongly with Z-QS01 
strain to change from favorable position into unfavorable position. Thus, UV-B radiation at a certain dose 
could effectively change the inhibiting effect of Z-QS01 strain for Chlorella vulgaris. 
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3 Discussions 
3.1 Concentration sensing system of Z-QS01 strain and its mechanism for Chlorella vulgaris 
Single bacteria could sense through intracellular signal system. It had been well known to integrate 
and treat external information, but it was recently just known to sense information from other cells. As 
verified by recent studies, many bacteria could regulate the expression of many target genes through 
inter-cell exchange, i.e. to judge colony concentration as low or threshold state by aggregating an 
extracellular auto inducer of low molecular weight (also called “pheromone”). Single cell judged colony 
concentration through the concentration of auto inducer, regulated gene expression through the change of 
colony, and regulated many behaviors of bacteria [7] (such as bioluminescence, commensalism, 
biomembrane formation, antibiotic production, swarming motility, sporogenesis, gene exchange and 
pathogenesis). With rapid progress in studies on inter-cell exchange, most bacteria might secrete specific 
micromolecular pheromones to exchange and coordinate colony behavior. These bacterial pheromones 
could freely enter/leave cells, secrete into environment through specific enzyme, and aggregate in 
environment. 
Bacteria utilized many species of chemical signal molecule. Most gram-negative bacteria adopted 
signal molecule of N-acyl homoserine lactone (AHL). AHL molecules could regulate the expression of 
many pathogenic genes in bacteria. They contained a homoserine lactone ring. Their different acylated 
side chains were the molecular basis to guarantee species specificity through AHL colony sensing system. 
But they had similar mechanism. They were generally synthesized through the catalysis of Lux I protease 
and the substrate of S-adenosylmethionine (SAM) and acyl-acyl carrier protein (ACP). At higher bacterial 
concentration (about 107 cell/ml), they aggregated to a certain concentration in environment, and entered 
cells to bind with corresponding receptor Lux R [8]. Lux R was a transcription activator to bind with 
regulating-component of target gene. Lux R-AHL complex generally bound in dimmer at promoter site of 
target gene to start gene expression . AHL QS system specifically sensed species concentration, mainly 
because Lux I protease specifically catalyzed substrate to identify only AHL with special acylated side 
chain and because receptor Lux R specifically bound with AHL molecule. 
In some species of Pseudomonas, pathogenicity was related to QS . In this test, Z-QS01 strain 
belonged to Pseudomonas (gram-negative bacteria). As shown by preliminary studies through ecological 
method, Z-QS01 strain inhibited Chlorella vulgaris in significantly concentration effect. In this test, 
Z-QS01 strain did not inhibit Chlorella vulgaris at two low concentrations, and but inhibited significantly 
at 10×106 cfu/ml. Z-QS01 strain had a IC50 of 8.6×106 cfu/ml for Chlorella vulgaris, slightly lower than 
that reported by some literatures (i.e. 107 cfu/ml). IC50 varied with test condition and bacterial variation. 
As shown by the studies on test concentration of IC50, Z-QS01 strain secreted chemical substances to 
regulate the suicidal behavior and growth of Chlorella vulgaris. The concentrations of Z-QS01 strain and 
chemical substances were necessary to start regulating mechanism. At later growth phase, Chlorella 
vulgaris was inhibited more significantly. Thus, at later logarithmic phase or stability phase, pheromone 
increased the concentration in environment to regulate more gene expression, consistent with those 
reported in relevant literatures [9]. Further tests were still required to verify specific compositions and 
regulating mechanism of chemical substances in Z-QS01 strain. 
3.2 Impact of UV-B radiation strengthening on concentration sensing system of Z-QS01 strain 
Ultraviolet ray at small dose could accelerate nucleic acid synthesis and cell division, and thus 
improve plant growth and biomass. With the increase in dose of UV-B radiation, biological cell molecules 
were activated to form free radical of very active chemical property and produce photochemical reactions 
(such as photolytic effect, photosynthetic effect, photopolymerization effect, and photo-sensitive effect). 
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UV-B radiation at a certain dose could photolyze proteins, denature nucleic acid, and change the 
permeability of cell membrane. 
The ultraviolet radiation of cell DNA could form adjacent pyrimidine bases into pyrimidine dimers 
at DNA chain (such as thymine dimer), not identify RNA polymerase and DNA polymerase, and thus 
inhibit and even block DNA duplication and gene transcription [10]. UV-B radiation strengthening could 
sharply decrease total proteins, destroy proteins/enzymes in cells, and cause a series of protein changes 
(such as photodegradation, higher water-solubility of membrane protein, polypeptide chain breakage, 
protein/enzyme deactivation, and structural disintegration). Cytoplasm membrane was the channel for 
cells to exchange substances with surrounding environment or other cells. Its integrity and selective 
permeability was the prerequisite for normal vital activity of plant cells. Various bad environmental 
factors often affected cells first on the biomembrane mainly composed of lipoids and proteins. UV-B 
radiation could change the structural function of cytoplasm membrane, open Ca2+ channel in it, and thus 
lose control . 
In addition, UV-B radiation also produced ozone to inhibit the growth of bacteria. UV-B radiation 
strengthening could produce an ozone environment. At normal temperature and normal pressure, ozone 
was at unstable molecular structure, and was very rapidly decomposed into oxygen (O2) and single 
oxygen atom (O) [11]. Single oxygen atom very strongly killed various bacteria, mainly by oxidizing 
glucose oxidase in bacteria necessary for glucose oxidation and directly acting with bacteria/virus. It 
could destroy its organelle and RNA, decompose macromolecular polymer (such as DNA, RNA, protein, 
lipids and polysaccharide), and destroy substance metabolism/reproduction. It could also permeate 
through tissues of cell membrane, invade into cell membrane, act on external lipoprotein and internal 
lipopolysaccharide, penetrate/distort cells, and lyze/die cells. It could also lyze, denature, and die various 
materials in dead thallus, such as hereditary gene, parasitic bacteria, parasitic virion, phage, mycoplasma, 
and pyrogen (viral/bacterial metabolites and endotoxins) . 
4 Conclusions 
1) Z-QS01 strain secreted chemical substances to auto-regulate behaviors and inhibit Chlorella 
vulgaris. The concentration of bacteria and chemical substances in culture solution was prerequisite to 
start regulating mechanism. 
2) UV-B radiation strengthening could significantly affect the inhibiting effect of Z-QS01 strain on 
Chlorella vulgaris. With higher dose of UV-B radiation, Z-QS01 strain decreased the concentration 
inhibiting effect on Chlorella vulgaris. 
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